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ABSTRACT
A number of models have been formulated in an attempt 
to describe man's processing limitations due to a finite 
amount of attention. The models can be classified into 
two types based on whether the limitations are caused by 
specific stages of information processing or by a general 
limited capacity. To test which model most adequately 
describes man's limitation in performance, subjects per­
formed a right hand manual tracking task either alone or 
with a similar or different primary task.
The primary tasks of either auditory shadowing or 
left hand manual tracking were practiced for eighty trials 
prior to the dual task performance to reduce the capacity 
requirements of the primary task. The relative redundancy 
of numbers generated prior to practice and at the initial 
and final stages of practice was used as an index of the 
capacity requirements.
The primary task performance was maintained during 
the dual task condition to ensure that attention was 
allocated continuously and therefore the secondary task 
was analysed by fitting the number of movement errors for 
twenty trialsof performance to the exponential equation 
Y = C + (ae , where a represents the amount of 
learning, k represents the rate of learning and C 
is the estimated asymptote in performance.
ii
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Although capacity requirements were larger for the 
auditory task, the asymptote was significantly lower 
for the right hand tracking task when performed simul­
taneously with the auditory shadowing task than with the 
left hand tracking task. However, a significant amount 
of learning did occur for the right hand tracking task 
when performed simultaneously with the left hand tracking 
task. Neither the rate nor the amount of learning were 
affected by the performance of a secondary task or the 
similarity of the primary task to the secondary task. This 
indicated that subjects were able to share attention be­
tween two similar tasks, however, more capacity was 
available when the tasks were different. Both the 
functional and structural models were rejected in favour 
of a combination of the two. A multi-channel model, each 
channel having a limited capacity, was proposed as a more 
adequate description of the attentional limitations of man. 
In addition, it was also suggested that practice is 
important in determining man's limitations in performance 
amd should be considered in the models of attention.
iii
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CHAPTER I 
INTRODUCTION 
When dealing with environmental stimuli man's 
information processing capacity is often exceeded, 
thereby reducing the efficiency of performing two tasks 
simultaneously. Attention, defined as the allocation 
Of central information processing space, is considered 
finite and a cause of the limitation man incurs during 
dual-task performance. From renewed interest in the 
phenomenon of attention, models have been developed and 
can be divided into two distinct types and differentiated 
on the basis under which simultaneous processing is 
thought to occur. Structural models impose some type 
of neural limitation at a specific stage of information 
processing, whereas i n the functional models the limi­
tation is related to the task demands and the overall 
processing capacity of the performer.
The multi-channel structural model, developed from 
research using more than one sensory modality, proposes 
a perceptual analysis which may proceed in parallel, 
provided that the same sensory analysers are not re­
quired. However, confusion concerning the number of 
channels available for further information processing 
exists. Since the limitation is hypothesized to be 
perceptual, one channel for each sensory modality seems
1.
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2.
to be a reasonable assumption, and at present is the 
accepted view. The limitation in the simultaneous 
performance of two tasks is therefore related to the 
analysis of the sensory input.
A different view of the structural model is a 
limitation which is response associated; stimulus pro­
cessing being carried out simultaneously. However, 
response selection and initiation must occur serially.
The simultaneous performance of two attention demanding 
tasks, each requiring a continuous output, would there­
fore be impossible.
An alternative to the structural model is the 
functional model in which attention can be allocated 
flexibly, depending on the performer's momentary 
intentions, enduring dispositions, evaluation of the 
attention demands, and his state of arousal. The 
performance decrement which occurs when two tasks are 
performed simultaneously is due to a processing capacity 
limitation and related to the task demands. Two 
attention demanding tasks can be performed concurrently 
as proficiently as when performed alone, provided the 
general processing capacity is not exceeded.
Although attention has been extensively investigated 
it is not yet possible to unequivocally accept either 
type of model in explaining man's processing limitations. 
As Norman (1969) noted:
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3.
Which model is preferable? At the moment the 
choice is somewhat arbitrary because critical 
experimental tests have not yet been performed 
(p. 35).
One possible cause for the ambiguity suggested by 
Moray (1973) is that subjects have not received adequate 
practice in performing the tasks prior to data collection. 
The structural models, all based upon data gathered 
during the early stages of learning, make no provision 
for the ease with which man learns to perform a number 
of skills concurrently. This is true, even if practice 
causes a reduction in the processing space requirements 
in one channel since there is no sharing of channel 
space among processors.
Common to most tasks performed in sport, industry 
and, in fact, day-to-day life, are movements which are 
exceedingly repetitive. With practice, or the repetitive 
performance of movement patterns, motor programs are 
thought to be established. The response produced feed­
back therefore no longer needs processing space, and 
consequently more attention can be allocated to other 
tasks. If learned or automated tasks require less 
central processing space, as purported by Posner (1969), 
it would be appropriate to investigate man's processing 
limitations in a situation which more closely parallels 
the normal requirements of man in the environment. The 
functional model was proposed initially to account for
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4.
these practice effects.
Requiring subjects to practice one task prior to 
data collection serves two purposes. First, because of 
learning, there will be a reduction in the attention 
requirements as measured by relative redundancy. This 
will permit the subject to perform two tasks simul­
taneously as the functional model would predict.
Second, since the attention requirements will be 
greatly reduced there will be less possibility that 
the requirements will be further decreased during 
testing, thus ensuring that the same amount of attention 
is being allocated to the primary task during the dual 
task performance as during the single task performance. 
Therefore, any improvement in the secondary task per­
formance will be due to the subject sharing attention 
between the primary and secondary tasks.
Another crucial variable to determine which model, 
if either, most adequately accounts for the attentional 
limitations of man is the similarity of the two tasks 
performed simultaneously. Task similarity should not 
affect performance on either task according to the 
functional model since the limitation is general, but 
conversely, when the tasks are very similar the 
structural model would predict a large decrement in 
performance due to the tasks competing for the same 
processing mechanisms.
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5.
The purpose of the present study was to determine 
which model best describes man's limitations in attention 
by examining the effects of task similarity on the pro­
cessing limitations of well practiced subjects in a dual 
task situation. To support the functional model of 
attention, subjects should be able to learn a secondary 
task during dual task performance regardless of the 
similarity of the tasks. Alternatively, the structural 
model would predict that even after practice no learning 
should occur in the secondary task when subjects are re­
quired to perform two similar tasks simultaneously, but 
learning should occur in the secondary task when required 
to perform two different tasks simultaneously.
Operational Definition of Terms
Primary Task: The task in which, by instruction, the
subject allocates all of the attention necessary to main­
tain performance of a task.
Secondary Task: The task in which, by instruction,
the subject allocates spare processing capacity from the 
primary task to the secondary task.
Similar Tasks: Two tasks which both require the visual
sense for performance and the same type of motor response.
Different Tasks: Tasks in which vision is required
as the source of input for one task and audition the 
source of input for the other task, with a motor output 
for one and a verbal output for the other.
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Movement Times The time required by the subject 
to track the copper tube.
Movement Errors: The number of times the subject
contacts the copper tube in the right and left hand 
manual tracking tasks.
Auditory Errors: The number of inventions and
omissions in the letters during auditory shadowing.
Theoretical Learning Curve: The obtained error
scores are fitted to the exponential equation Y =  C + 
ae where C equals an estimated performance asymptote, 
a_ equals the amount of learning, n, represents the 
nuiriber of any particular trial minus one, e is the 
Naperian log base 2,718, and k is the rate of learning.
Initial Score: The amount of learning (a) plus
the asymptote level (C).
Final Score: The final asymptote level {Ç),
Relative Redundancy: One minus the information
(H), which is the randomness of a sequence of symbols. 
Information is calculated by determining all of the 
possible tetragrams for the numbers one and two. Fre­
quencies are then tabulated and fitted into the equation: 
H = logn - ~  ^  ni log ni. The values of ni log ni are 
obtained from a table (Attneave, 1959, p. 111). The
estimate of = H (tetragram) ' » (trigram) '
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CHAPTER II 
REVIEW OF LITERATURE
Introduction
The structural models of attention predict that 
the limitations in performance are due to competition 
for the same mechanisms for processing. The similarity 
of the tasks is therefore the important variable in 
distinguishing between the two models of attention.
The first section will include research in which the 
two tasks performed simultaneously were different, and 
the second section will deal with the literature in 
which the two tasks require the same sensory modality 
for processing. Each section will consider first the 
research which supports a structural limitation and 
second the literature in support of a functional 
limitation. Practice is also considered to be an 
important variable in affecting performance and the 
final section includes the affect of practice on per­
formance.
Research in Attention Using 
Different Modalities
In examining man's processing limitations it has 
been found that with two different modalities of input 
the decrement vdiich is commonly associated with dual­
task performance is reduced or disappears. Some of the 
evidence in this section supports this contention,
7.
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however, other evidence exists which suggests that the 
similarity of the two tasks is not the important vari­
able, but rather the difficulty or the complexity of 
the two tasks performed simultaneously affects per­
formance to a larger extent. This presents a problem 
however because adequate measures of task difficulty 
are not always available, thus making comparisons 
between tasks tenuous.
To determine if auditory and visual inputs could 
be processed in parallel, Tulving and Lindsay (1967) 
required subjects to make absolute judgements on 
simultaneously presented material of short duration 
(60 msec.). It was found that subjects could not 
identify auditory or visual stimuli as efficiently when 
two stimuli were presented together as when the stimuli 
were presented one at a time. Since subjects were un­
able to judge stimuli from the two different modalities 
the multi-channel hypothesis could not be supported, 
however, the results were interpreted to support a per­
ceptual limitation as was proposed by Broadbent (1958).
Allport, Antonis and Reynolds (1972) tested 
subjects’ capability to perform on two tasks using the 
modalities of vision and audition. Subjects were re­
quired to shadow a primary auditory message and remember 
words presented through the auditory sense or words or
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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pictures presented visually. Recognition was highest 
for the pictures and poorest for the words presented 
verbally, indicating that when the tasks are different 
the decrement found in dual task performance may be 
reduced. In a different experiment, subjects shadowed 
an auditory message and simultaneously played the piano 
with no loss in efficiency in either task. Thus, the 
authors suggested that the single channel hypothesis 
was inappropriate, and a multi-channel hypothesis was 
proposed which allowed inputs to be processed in parallel 
provided different channels were being utilized.
Treisman and Davies (1973) utilized a split span 
recall experiment to determine if subjects could 
successfully divide attention between different 
modalities. The independent variables were auditory 
words and tones, and visual words and positions, with 
the dependent variable being percent correctly recalled. 
Subjects were required to make a verbal response to the 
auditory stimuli and a motor response to the visual 
stimuli. When the lists were presented to different 
modalities, recall was significantly better than when 
the lists were presented to the same modality.
In a second experiment, the type of analysers re­
quired were again varied as well as the complexity of
the analysis by detecting physical or semantic properties
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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of words. The physical characteristic targets contained 
the letters or sound "end" while the semantic targets 
were animal names. It was hypothesized that the 
physical targets would be identified by the modality 
specific analysers, whereas the semantic targets would 
be required to compete for a single analyser. A 
significant interaction was found between target type 
and modality. With visual stimuli subjects were better 
able to detect semantic targets while with the auditory 
presentations subjects were able to detect physical 
targets more easily. Treisman and Davies concluded 
that processing capacity is not interchangeable between 
modalities and more capacity is available when two 
different modalities are utilized than one. The 
limited capacity model was therefore rejected in favour 
of the multi-channel model of attention.
McGee (1975), using the kinesthetic, visual, and 
auditory senses, tested the models of attention. Subjects 
shadowed a primary kinesthetic input while being simul­
taneously presented with either auditory, visual or 
kinesthetic stimuli which they were told would have to be 
recalled. Recall was found to be poorest when subjects 
were required to attend to two inputs involving the kines­
thetic sense. Support was therefore given to the multi­
channel model of attention.
Evidence has been presented which indicates that 
when two modalities are used for the simultaneous pre-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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sentation of two inputs it may be possible for subjects 
to divide attention in order to process both inputs. 
However, other evidence exists which suggests that it is 
not the similarity of the modalities but the task demands 
which are important.
Keele (1967) tested the subjects* capability to 
perform on two tasks simultaneously with varying amounts 
of stimulus-response-compatibility of the primary task 
and difficulty of the secondary task. The stimulus- 
response-compatibility was varied from zero to eight 
bits of spatial distortion, while the secondary task 
consisted of counting backwards by one's, three's or 
seven's. Keele found that when both tasks were rela­
tively easy, more information was transmitted when they 
were performed together than when the two tasks were 
performed separately, with the opposite affect occurring 
when both tasks were difficult. The rate of information 
transmission for either task depended on the relation­
ship between the stimulus and the response and the 
amount of practice. It therefore appears that task 
difficulty was important in determining the rate of 
information transmitted.
Lindsay, Taylor and Forbes (1968) had subjects 
concurrently monitor two different dimensions of two 
different inputs, the pitch and intensity of a tone 
and the vertical and horizontal position of a dot. A
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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decrease in d ' (sensitivity) was found when subjects 
were required to process two channels as compared to 
one, however, multi-dimensional discrimination was 
independent of whether the channels requiring attention 
involved the same or different sensory modalities. It 
was concluded that man operates with a constant limited 
capacity which could be applied to one input or 
divided between two inputs independent of modality.
Ges.cheider, Sager and Ruffolo (1975) completed a 
series of experiments to determine how well subjects 
can divide attention between different modalities.
The complexity of the tasks were gradually increased 
by increasing the memory requirements. Subjects were 
required to detect tactile and auditory stimuli, and in 
a simple detection task performance during simultaneous 
presentations was not significantly different from the 
single presentations. When subjects were required to 
remember and make comparisons of the stimuli presented 
performance deteriorated. Performance was dependent 
on the complexity of the tasks and despite the different 
modalities of presentation a decrement in performance 
was observed.
Research in Attention Using 
the Same Modalities
Cherry (1953) initiated recent research in selective 
attention with the now famous "cocktail party phenomena"
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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however Broadbent (1958) formulated the first model of 
attention based on research in which subjects received 
inputs dichotically. The model consisted of a 'Y' 
shaped tube in which sensory inputs dropped sequentially 
into a processor. The unattended message was filtered 
out and held in a temporary store while the primary 
message was processed. The multi-channel model has 
supported these contentions with the addition of a 
channel for each sensory modality, whereas, according 
to the response limitation version, perceptual analysis 
is a non-attentive process. Research by the supporters 
of a structural bottleneck has been to determine the 
stage of information processing which is the cause of 
the limitation. Alternatively, the functional theorists 
have been concerned with establishing that all stages 
require attention which is shared between processes.
In an attempt to locate the position of the 
structural limitation Treisman and Geffin (1967) re­
quired subjects to shadow a primary message and detect 
targets in both the primary and secondary messages. 
Subjects were unable to attend to both messages 
simultaneously as evidenced by the small number of 
detections in the secondary message. The conclusion 
drawn was that subjects were unable to share attention 
between the two messages and that a bottleneck existed 
at a perceptual level attenuating all stimuli arriving
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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through the unattended ear. Due to the possible con­
found of requiring subjects to make two responses con­
currently, Treisraan and Riley (1969) replicated the 
previous experiment except that subjects were instructed 
to stop shadowing when targets were detected. The 
number of detections increased in the unattended ear, 
however not enough to refute their earlier conclusions.
It was further concluded that when two tasks require 
the auditory sense processing occurs in serial along 
a single channel.
Treisman, Squire and Green (1974) repeated an earlier 
study by Lewis (1970) in which it was found that reaction 
times to shadowed words increased when the unattended word 
was semantically similar to the shadowed word. Lewis 
concluded that the unattended message is not blocked 
out at a perceptual level but rather all words were 
processed. Treisman, Squire and Green increased the rate 
at which subjects were required to shadow and confirmed 
Lewis's findings, however, only for the first part of 
the list. After the first few words, reaction time was 
no longer affected by the semantic similarity. In con­
clusion, Treisman, Squire and Green stated that the 
evidence is not conclusive either in support or against 
the possibility of complete semantic analysis before 
attention is allocated.
Sullivan (1976), utilizing the same paradigm as
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Treisman and Geffin (1967), added primary message re­
dundancy to determine if two auditory inputs could be 
processed in parallel. The number of targets detected 
increased as redundancy increased. Sullivan suggests 
that with an increase in redundancy subjects can allocate 
more attention to processing the unattended message, 
however, chose to support Broadbent's original model of 
single channel processing.
While Treisman and Geffin (1967), Treisman and 
Riley (1969), Treisman, Squire and Green (1974), and 
Sullivan (1976) have reported evidence in support of a 
perceptual bottleneck, Deutsch and Deutsch (1963), Deutsch, 
Deutsch and Lindsay (1967) have provided a different 
interpretation. The limitation found in the studies 
reported may, according to these authors, be due to 
shadowing the primary message thereby making it more 
important. In the Deutsch and Deutsch model, the most 
important message will be allocated attention and 
therefore the previous studies were not a test of the 
two models. This view has been supported by Norman 
(1967, 1969), Corteen and Wood (1972), Shiffrin, Pisoni, 
Casteneda-Mendez (1974), Shiffrin and Schnieder (1977), 
and Schnieder and Shiffrin (1977).
Norman (1967), supporting Deutsch and Deutsch's 
(1963) contention, formulated a model in which selection 
takes place after perceptual analysis, however, in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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contrast to Deutsch and Deutsch the pertinence or im­
portance may be assessed differently on each occasion.
To support this notion, Norman (1969) reported an 
experiment in which subjects were required to shadow 
one of two dichotically presented messages. The 
secondary message consisted of a string of digits, 
and following the last digit a tone sounded followed 
by another digit. Subjects were required to report 
whether the digit had occurred on the previous list. 
Subjects were able to recognize a small number of digits 
which indicated that the digits were contacting memory. 
Norman speculated since subjects were required to shadow 
one list, pertinence was greater for that list, which 
was the cause of the low recognition. Therefore, these 
results are interpreted in favour of a bottleneck located 
toward the response end of information processing.
Corteen and Wood (1972) mildly shocked subjects 
during the presentation of certain words, after which 
these and other words were dichotically presented to 
the right and left ears. The subjects' task was to 
shadow the words presented to the right ear. Galvnic 
skin responses were picked up to the conditioned words 
presented to both ears suggesting that there was some 
high level perceptual processing of both messages.
Shiffrin, Pisoni and Casteneda-Mendez (1974)
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questioned the assumption that subjects can allocate 
attention differentially to the two ears. Consonants 
were presented monaurally and subjects were required 
to indicate what the consonant was and which ear it had 
been presented to. In one condition, the consonants 
were presented randomly to the ears and in another 
the order was right left, etc. Therefore, subjects were 
required to share attention between two ears and in 
the other condition were able to focus attention on one 
ear. The performance was identical despite the need to 
share attention in one condition which indicated that 
selective attention did not operate during perceptual 
processing.
Using an experimental paradigm in which subjects
had to recognize targets in various numbers of dis- 
tractors, Schnieder and Shiffrin (1977) illustrated 
that a search process may, in some circumstances, not 
require attention. This was demonstrated by varying 
the number of targets and distractors as well as the
memory set size. Despite increase in the number of 
inputs reaction time did not increase when the targets
did not change during the trials (consistent mapping). 
Thus, subjects were able to perceptually process the dis­
tractors and targets in parallel. It was proposed that 
the limitation in performance was not due to the per­
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ceptual analysis, but occurred later in information pro­
cessing.
Evidence has been presented supporting both sides 
of the controversy concerning the location of the 
structural bottleneck, however, this issue may be ir­
relevant if subjects can share attention between two 
tasks which require the same processing mechanisms.
Moray and Jordan (1966) suggested that the reason 
why subjects were limited in performance in shadowing 
tasks was because, with a verbal output, only one 
response can be made concurrently. Therefore, subjects 
were presented digits simultaneously in each ear and 
were required either to respond in parallel by punching 
the numbers on a double key board or in serial by 
responding vocally. Performance was better in the two- 
handed output condition than when subjects were required 
to make parallel to serial transformations. Moray and 
Jordan concluded, in contrast to Treisman and Riley 
(1969), Sullivan (1976) and Deutsch and Deutsch (1963), 
that subjects can process and execute a response to 
two auditory inputs in parallel.
Moray and O'Brien (1967) had subjects attempt to 
detect letters in a list of digits in a dichotic 
message, either dividing attention or selectively 
attending to one of two messages. Using signal 
detection theory, it was found that when attention is
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
19.
divided between two inputs subjects maintained an 
overall level of detectability. In the selective 
attention condition, detectability decreased for the 
rejected message while increasing for the accepted 
condition. In explaining the data, Moray and O'Brien 
reject the notion of switching attention from message to 
message in favour of sharing attention between the two 
channels. While supporting Treisman's attenuation of 
the rejected message support is also given for a change 
in the response factors making responses to the selected 
channel more compatible, thereby supporting Deutsch and 
Deutsch.
In a subsequent experiment, Moray (1969) required 
subjects to detect tones of 25 msec, duration. Subjects 
were placed in a single channel group, a group which 
selectively attended to one message, a group which 
divided attention between two messages, but never had 
targets occur simultaneously in each ear and a divided 
attention group which did have to respond to targets that 
occurred simultaneously. Although the number of detections 
were higher when subjects only had to attend to one ear, 
the number of detections was high enough in the divided 
attention conditions to warrant rejection of a theory 
which specifies that subjects had to switch attention 
from message to message. This evidence also casts doubt 
on the notion that physical characteristics are analyzed
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prior to selection. Subjects can, therefore, effectively 
share attention between two inputs.
Treisman and Fearnley (1971) required subjects to 
recognize digits in a single or dual input condition 
using the same sensory modality, with or without a pre­
ceding cue. The inputs were either a digit and a nonsense 
syllable, two nonsense syllables or in the single input 
condition, a digit or a syllable. It was hypothesized 
that reaction time should double in the condition when 
there were two nonsense syllables presented as compared 
with a single nonsense syllable. Although reaction times 
were higher for the dual input, the increase was not as 
large as was required to support serial processing.
Support must be given, therefore, to some parallel pro­
cessing of two simultaneous inputs which occur on the 
same sensory modality.
Ninio and Kahneman (1973) used reaction times to 
target words in a dichotic presentation to distinguish 
between a limited capacity theory, the single channel 
theory, or effortless parallel processing. Subjects 
were required to detect animal names in two messages, 
in a divided or focused attention condition. Support 
for the single channel theory necessitated that there 
should be some fast reaction times and some very slow 
reaction times in the divided attention condition which 
would indicate that subjects had switched attention
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between the two messages. In support of a limited 
capacity theory, in the divided attention condition, 
there would have to be an equal but slower reaction 
time for both channels. Ninio and Kahneman found that 
the difference between deviations from the means in the 
focused and divided attention conditions were small 
which indicated that subjects were not switching atten­
tion from channel to channel but were processing in 
parallel.
Although evidence has been presented in which the 
secondary task performance is poor, this is not necessarily 
inconsistent with the functional model of attention, since 
the overall capacity may have been exceeded. Therefore, 
it is necessary to have subjects practice one task so 
the capacity requirements may be reduced. Some pro­
cessing space may then be allocated to the secondary 
task.
Effects of Practice on 
Performance
A reasonable assumption is that practice will 
drastically reduce the capacity requirements of a task, 
however, until recently practice has been ignored as an 
important variable in selective attention research.
Posner (1969) investigated the performance of auto­
mated movements which occurred when subjects performed 
a secondary task with a primary automated task. Posner
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defined automation as "the process of reducing the amount 
of limited capacity central processor which is required 
to perform a task" (p. 246). Three movement conditions 
were studied— movement to a stop, movement to a line, 
and movement to a previously learned position. The two 
secondary tasks were to centre a target by key tapping 
and a think task. Relative variability was greatest in 
the movement and pause times when two tasks were per­
formed together indicating that although movement was 
automated it still required processing time and space. 
This finding casts doubt on the notion that centrally 
controlled movement does not require attention.
It is generally assumed that shadowing requires 
all of the attention of the subject (Norman, 1969), 
Underwood (1974), however, demonstrated that a highly 
practiced subject was able to detect considerably more 
targets in a secondary message than had previously been 
reported in the Treisman and Riley (1969) study. There­
fore, it appears that practice may reduce the amount of 
a general limited capacity required to perform a task, 
leaving spare capacity for a secondary task.
Moray and Fitter (1973) suggested that the lack of 
practice subjects receive is a cause or some of the 
conflictory results in the literature on selective 
attention. Hence, the 1967 study was replicated by 
Ostry, Moray and Marks (1976) with subjects who practiced
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shadowing for a total of twenty-two hours. The data was 
analysed separately for hits by signal detection theory 
when a hit, false alarm, correct detection, or missed 
signal occurred in the other channel. The detectability 
of the targets was strongly dependent on what was occurring 
in the other channel, d' and B, both being larger when 
there was a correct rejection and a missed signal.
Likewise, d' and B were significantly higher after twenty 
hours of practice. Therefore, there was an improvement 
in discriminatability of targets when subjects are re­
quired to simultaneously monitor to auditory inputs.
Moray, et al. interpreted the results to support a view 
of attention that was proposed by Moray and Fitter (1973). 
Attention was viewed as a dynamic process, and determined 
by the employment of strategies based on the continual 
monitoring of all possible sources of input. The subject 
selects one input, based on the statistical structure of 
the input, and allocates attention depending on the costs 
and values of missing or detecting a signal.
Spelke, Hirst and Neisser (1976) required subjects 
to read stories while simultaneously copying words which 
were dictated by the experimenters for an hour a day for 
a whole semester. After six weeks of practice, subjects 
were able to perform both tasks as efficiently simul­
taneously as when performed alone. In addition, when 
subjects were told that certain categories would be
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imbedded in the list of words they were able to detect 
the categories in every instance and also maintain 
reading speed and comprehension. Clearly, there was 
not a filter blocking or attenuating any of the inputs; 
the subjects were able to learn to divide attention 
between two tasks simultaneously.
Neisser and Becklin (1975) proposed a different view 
of attention based on the replication and extension of 
Cherry's (1953) research. Subjects were required to 
detect targets in two ball games presented dichotically 
and mixed to the visual modality. Subjects easily 
followed one of the games and detected very little in 
the other game which supported Cherry's findings.
However, rather than propose a filter, Neisser and 
Becklin suggested that as skilled perceivers, subjects 
allocated attention to one of a number of sensory inputs, 
and the message is easily followed, not because competing 
stimuli are being blocked, but because subjects actively 
engaged in perceiving information which is anticipated 
based on previous processing.
Problem
The ambiguity in the selective attention literature 
has been attributed to the inadequate amount of practice 
subjects receive prior to being tested. Thus, by re­
quiring subjects to practice for longer periods of time, 
some of this confusion may be alleviated.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
25.
If practice does reduce the capacity requirements 
of performing a task, the relative redundancy of numbers 
generated while concurrently performing a primary task 
will be reduced since the more attention subjects have 
to allocate to the generation of random numbers the less 
redundant the sequence becomes. Consequently, relative 
redundancy is an indication of the processing capacity 
required by the primary task.
Thus, the capacity requirements of one task will 
be reduced, and if subjects process information with a 
general limited capacity as the functional model pre­
dicts, then the spare attention from one task could be 
allocated to performing a secondary task. The similarity 
of the two tasks performed simultaneously should be ir­
relevant if the limitation in attention is related to 
processing capacity. However, if the limitation is 
caused by competition for the same processing mechanism 
then performing two similar tasks simultaneously should 
result in a large decrement in performance in the 
secondary task if performance of the primary task is 
maintained at the level prior to dual task performance.
If learning occurs in the secondary task then subjects 
are dividing attention between the two tasks.
Three tasks are required to test this assertion, 
two of which are very similar, and another which is 
different. The secondary task will be the same in both
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conditions so that it will be possible to determine the 
affects of the similarity of the primary task by com­
paring secondary task performance when it is performed 
alone, or with a similar or different task.
Purpose
To determine which model best describes man's limita­
tions in attention by examining the effects of the simi­
larity of a well practiced primary task on the simultaneous 
performance of a secondary task.
Hypotheses to Support the 
Limited Capacity Model
1. There will be a significant amount of improvement 
between the initial and final performance scores in the 
secondary tracking task performed simultaneously with 
the left hand tracking task in which performance has 
been maintained at the final level of single task per­
formance .
2. The rate of learning will be significantly slower
when the secondary tracking task is performed simultaneously 
with the left hand primary tracking task.
3. There will be a significant amount of improvement 
between the initial and final performance scores in the 
secondary task performed simultaneously with the auditory 
shadowing task in which performance has been maintained 
at the final level of single task performance.
4. The rate of learning will be significantly slower 
when the secondary task is performed simultaneously with
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the auditory shadowing primary task than when performed 
alone.
5. The final asymptote level in performance will be 
significantly lower when the secondary task has been 
performed alone than when simultaneously performed 
with the left hand tracking task in which performance 
has been maintained at the final level of single task 
performance.
6 . The final asymptote level in performance will be 
significantly lower when the secondary task has been 
performed alone than when simultaneously performed 
with the auditory shadowing task in which performance 
has been maintained at the final level of single task 
performance.
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CHAPTER III 
METHODOLOGY
Subjects
Thirty experimentally naive, male, right-handed 
university students volunteered to be subjects. The 
mean age was 24.1 years with a standard deviation of 
2.6 years.
Design
A 1 X 6 design with independent subjects was re­
quired. Groups 1 and 2 were experimental groups in 
which subjects performed either the auditory shadowing 
or the left hand manual tracking task simultaneously with 
the right hand manual tracking task. Groups 3, 4, 5, and 
6 were required to control for positive and negative 
transfer effects from the primary to the secondary task. 
The experimental design is illustrated in Table 1. In­
dependent variable: The independent variable was the
similarity of the primary task to the secondary task. 
Dependent Variables: The number of movement errors made
on the secondary task was used to determine the rate and 
amount of learning, the asymptote level, and initial 
level of performance.
Apparatus
The apparatus for the tracking task consisted of 
two copper tubes 100 cm long with a diameter of 0.79 cm
28.
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mounted on a board to make two semi circular tracks 
[A,B] as illustrated in Figure 1. The copper tubes 
were bent to make the two tracks different, with the 
provision that they did not deviate further than 10 cm 
apart so that both were within the subject's visual 
field simultaneously. There was one switch [C] located 
at each end of the copper tubes to measure movement time 
as recorded by two chronoscopes [D], The number of 
errors were recorded on two counters [E] and two styluses 
were required, one for each track. The left track 
stylus [f] had a diameter of 2,54 cm, while the right 
track stylus [g] had a diameter of 2.0 cm.
The random generation of numbers was externally 
paced by a one second interval timer [H] which flashed
a light [I] mounted in the centre of the base of the 
tracking apparatus. An Olivetti Underwood Praxis 48 
typewriter [j] was required for subjects to respond 
with during the auditory shadowing task. A Sony reel 
to reel tape recorder [K] which plays a tape through 
a pair of headphones [L] was used for the auditory 
shadowing task.
Tasks
Left Hand Manual Tracking Task: The task for sub­
jects was to move the stylus around the copper tube as 
quickly as possible without touching the sides of the tube,
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Subjects were given eighty trials of practice. The 
greater the number of movement errors and the longer the 
movement time the poorer the performance. Prior to the 
start of the tracking task, subjects were required to 
generate numbers randomly at a rate of one per second 
for fifty seconds. This was repeated for the first 
fifty seconds of practice on the tracking task and 
again after sixty-four trials of practice. Subjects 
responded by verbally saying the numbers one and two.
Auditory Shadowing Task: Subjects were required
to shadow a list of thirty-eight letters presented at 
a rate of 2.5 per second. The list was presented a total 
of eighty times. The fewer the number of omissions and 
inventions the better the performance. Prior to the 
start of the shadowing task, subjects were also required 
to generate random numbers at the rate of one per second 
for fifty seconds. This was repeated for the first 
fifty seconds of practice on the shadowing task and 
again after sixty-four trials of practice. Subjects 
responded manually by typing the numbers one (1) and 
two (2 ).
Right Hand Manual Tracking Task: The task was to
move the right hand stylus around the copper tube at a 
specified time without touching the sides of the tube 
for twenty trials. The greater the number of movement 
errors the poorer the performance.
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Procedures
To reduce the possibility of boredom, the experi­
ment was broken into two one-hour sessions. Subjects 
were assigned to one of six groups. The order of ex­
perimentation for each condition was systematically 
rotated.
Subjects in Groups One to Four participated in 
the first session. Subjects were seated and the tracking 
apparatus adjusted comfortably in front of the subject. 
The instructions (Appendix A) were given for the random 
generation of numbers and subjects then began saying 
the numbers one and two at a rate of one per second 
for fifty seconds which were recorded by the experi­
menter. Instructions were then given for the left hand 
manual tracking task. A distributed practice schedule 
was maintained in which the amount of rest was greater 
than the amount of practice. Headphones were worn which 
emitted a masking noise during the performance of the 
tracking task, and subjects then began performing the 
task as previously described. The numbers one and two 
were generated simultaneously while tracking for fifty 
seconds during the initial and final stages of practice. 
Subjects were given knowledge of results after every 
trial and the number of errors and movement time were 
recorded. After the completion of eighty trials, the 
first session terminated.
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In the second session subjects in Groups One, Two, 
Three and Five performed the auditory shadowing task.
The second session was approximately twenty-four hours 
after the first session for those subjects who were in 
the first session. First, subjects were given the 
instructions for the generation of numbers, and second, 
for the auditory shadowing task after the completion of 
the generation of numbers prior to practice. Subjects 
generated the numbers by manually responding on a type­
writer with the two index fingers. The message was 
presented biaurally through a pair of headphones and 
subjects began performing the task as previously des­
cribed. The numbers one and two were generated simul­
taneously while shadowing in the initial and final 
stages of practice. Knowledge of results were given 
during a twenty second inter-trial interval, and the 
number of correctly shadowed letters recorded.
Subjects in Groups One to Four again practiced 
the left hand manual tracking task until performance 
was at the same level for three consecutive trials as 
at the end of session one.
All six groups performed the right hand manual 
tracking task. Groups One and Two performed either the 
auditory shadowing or the left hand manual tracking task 
simultaneously with the right hand manual tracking task 
which was the secondary task, while the subjects in all
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other groups performed the right hand manual tracking 
task alone. Subjects in Groups One and Two were required 
to maintain primary task performance within one standard 
deviation of the mean of the last three trials. The 
number of movement errors and movement time were re­
corded for the secondary task as well as the primary task» 
where applicable. The experiment was terminated at the 
completion of twenty trials on the right hand manual 
tracking task.
Data Analysis
1. The information transmitted in the generation of
numbers was calculated according to the method described
by Attneave (1959) by the following equation: H = £
1
pi log — .. The relative redundancy was then deter- 
mined by 1 - H.
2. A 2 X 3 analysis of variance with repeated measures 
was then calculated to determine if significant differ­
ences existed between the mode of response or the 
relative redundancy prior to practice and at the initial 
and final stages of practice.
3. The number of movement errors in the right hand manual 
tracking task were used to calculate the rate and amount 
of learning as well as the asymptote level of performance 
according to the equation Y == C + (ae ^ ) .
4. Three 1 x 6  analyses of variance were then cal­
culated, one for each of the parameters, to determine 
if significant differences existed between the six
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
36.
conditions in rate of learning, amount of learning, or 
the final asymptote level.
5. The initial score was determined for each subject 
in groups one and two by adding the final performance 
score and the amount of learning. The final score was 
estimated by the asymptote level.
6 . A 2 X 2 analysis of variance with repeated measures 
on the second factor was calculated for the initial and 
final score to determine if a significant amount of 
learning took place for the right hand tracking task 
while subjects performed the auditory shadowing or the 
left hand tracking task.
7. The initial and final movement times were determined 
by averaging the scores for the first and last two 
trials. These scores were then subjected to a 6 x 2 
analysis of variance with repeated measures on the 
second factor to determine if significant differences 
existed during the performance of the secondary task or 
between the conditions.
8 . Scheffe post hoc comparisons were calculated for 
all analyses yielding significant differences. The
= .05 level of confidence was accepted for all 
analyses of variance. The = .10 was accepted for 
all comparisons by Scheffe.
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CHAPTER IV
'
RESULTS
Various scientists have afforded a number of 
interpretations to explain the attentional limitations 
of man. One of the major controversies concerns the 
possibility of a structural as opposed to a functional 
limitation. To examine this controversy it was 
necessary for subjects to perform two tasks simul­
taneously which were very similar or two which were 
different. Although performance is generally very poor 
when subjects perform two similar tasks concurrently, 
after an extended practice period subjects may be 
able to perform two tasks simultaneously independent 
of the similarity. Three dependent variables--the 
amount of learning, the rate of learning, and the 
asymptote value were analysed to determine if secondary 
task performance was affected by the similarity of the 
primary task.
Primary task performance was maintained from the 
single task performance to the dual-task performance 
and not subjected to analysis of variance and there­
fore all comparisons were made on secondary task per­
formance. Raw scores for both primary and secondary 
task performance are located in Appendix D.
37.
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Movement Times for Right 
Hand Manual Tracking
In order to make comparisons in the number of 
errors in the right hand manual tracking task meaning­
ful across conditions, it is necessary that movement 
time be constant for all conditions. A 2 x 6 analysis 
of variance was computed for the initial and final 
movement time scores for the six groups which are 
presented in Table 2. There were no significant 
differences between the initial and final scores 24) “ 
2.98 p >.05, or for the groups F^g 2 4) “ 2.49 p >.05.
The interaction was also insignificant F^g 2 4) “ 1.30 
p >.05. Since movement times were not different for the 
six groups, analysis of the performance of the secondary 
task may be made based on the movement errors in tracking.
Anova tables are presented in Appendix C.
Right Hand Manual Tracking
The movement errors in the right hand manual tracking 
task for each subject were fitted to the exponential 
equation Y = C + (ae . A 1 x 6 analyses of variance 
were calculated for the amount of learning (a), the 
rate of learning (k), and the asymptote value (C).
There were no significant differences in the amount 
of learning, F^g 2 4) = 2,43 p> .05, or in the rate
of learning, F^g 2 4) “ 1.34 p >.05, but there was a
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Table 2
Initial and Final Movement Times for the Right Hand 
Manual Tracking Task for Groups One to Six
Initial Move- Final Move­
ment Time ment Time
Group (sec) (sec)
1. Right hand manual 
tracking with
auditory shadowing 5,56 5.38
2. Right hand manual 
tracking with left 
hand manual
tracking 7.44 6.34
3. Right hand manual
tracking alone 8.34 8,06
4. Right hand manual
tracking alone 5.46 5.30
5. Right hand manual
tracking alone 7.21 7.03
6 . Right hand manual
tracking alone 5.78 6.04
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significant difference in the asymptote levels,
^(5 24) ~ 11*18 p <.01. A Scheffe post hoc analysis 
indicated that there were no differences among any of 
the control groups (Table 3). The data for Groups 
Three, Four, Five and Six were therefore combined for 
further analysis and henceforth will be called Group 
Three.
Theoretical Learning Curve
The mean number of movement errors for the two 
experimental groups and Group 3 were described by the 
exponential equation Y = C + (ae "^^) which are presented 
in Figure 2. The standard error of the fit for the 
equations was relatively small— 1.05 for Group One,
1.35 for Group Two, and 0.53 for the means of the Control 
Groups. Although it appears that Group Two, who performed 
the two tracking tasks, learned less more slowly, these 
differences were not significant. F^^ 2 7) = 2.24 p >.05 
and F ^2 27) ~ 0*67 p >.05 for the amount and rate of 
learning respectively. The mean scores for amount of 
learning were 10.48, 6.81, 11.00 and for rate of learn­
ing were 0.19, 0.15 and 0.26 for Groups One, Two and 
Three, respectively.
A significant difference was found, however, be­
tween the asymptote levels F ^2 27) * 29.33 p <.01 which 
are presented in Figure 3. A Scheff^ post hoc analysis 
revealed the poorest performance was by subjects 
who were required to perform the dual tracking tasks
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(Table 4). The asymptote level was significantly 
different from both the asymptote for the different 
task condition and also when the right hand tracking 
was performed alone. Secondary task performance for 
the different task condition was not significantly 
different from when the task was performed alone.
Initial and Final Scores
To determine if a significant amount of learning 
occurred in the groups when subjects were required to 
perform two tasks simultaneously, a 2 x 2 analysis of 
variance was computed for Groups One and Two and the 
initial and final scores. A significant difference 
was found between the initial score and final score 
F (1 gj = 53.30 p <*01. A Scheffe post hoc analysis 
indicated the differences were significant for both 
groups (Table 5). The means for Group One were 19.54 
and 8.86 and for Group Two 24.36 and 17.55 for the 
initial and final scores respectively, which are 
graphically depicted in Figure 2. The difference 
between Group One and Two was insignificant F ^  g^  =
4.02 p^*05 as was the interaction F^^ g^  = 2.60 p > .05.
Relative Redundancy
An assumption made in the present experiment was 
that processing capacity requirements are reduced with 
practice. To test this assumption relative redundancy 
was calculated for random numbers generated prior to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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practice, and during the initial and final stages of 
practice on the primary task. A 2 x 3 analysis of 
variance revealed a significant difference for the type 
of task 2Q) ~ 35.6 p <.01, the amount of practice,
F ^2 7 5) ~ 48.98 p <.01 and also the interaction F = 
8.96 p <.01. For both the auditory task (manual response 
for the numbers generated), and the tracking task (verbal 
response for the numbers generated) redundancy increased 
significantly as revealed by a Scheffe post hoc analysis 
(Table 6 ), from 0.24 to 0.58 and 0.17 to 0.31 for the 
auditory and tracking tasks respectively. There was 
also a significant reduction to 0.46 for the auditory 
task and 0.23 for the tracking task at the final stage of 
practice (Figure 4).
The difference between the redundancy for the 
auditory shadowing task and the manual tracking task 
was also significant (Table 6), at both the initial 
and final stages of practice. However, redundancy 
prior to practice was insignificant indicating the 
difference was not due to the type of response, but 
rather to the actual capacity requirements of the tasks.
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CHAPTER V 
DISCUSSION
The primary focus of the present experiment was to 
examine the two models of attention and determine which, 
if either, best describes man's information processing 
limitations during dual-task performance. By varying the 
similarity of the two simultaneously performed tasks it 
was possible to determine if the limitation is specific as 
described by the structural model, or general as pre­
dicted by the functional model. The performance and 
learning parameters of a common secondary task performed 
alone, or simultaneously with either a similar or a dis­
similar task were used to test the predictions of the 
models. To ensure that the allocation of attention to 
the primary task did not change during dual task per­
formance, primary tasks were well learned and performance 
maintained during dual-task performance. It was also 
proposed with extensive practice on the primary tasks 
that spare processing capacity would increase and subjects 
would learn a secondary task independent of the similarity 
of the primary task, although secondary task performance 
is generally poor when tasks are similar. Relative 
redundancy, the measure of spare processing capacity 
indicated this requirement was met; as relative redundancy 
decreased significantly over the eighty trials of practice,
50.
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for both the auditory shadowing and left hand manual 
tracking tasks.
Performance Parameter: Asymptote (C)
In the present study in spite of the greater amount 
of attention allocated to the auditory shadowing task, 
final performance on the right hand manual tracking task 
was significantly better during simultaneous shadowing and 
tracking than dual tracking. Hypothesis 5, that the 
asymptote would be poorer for the right hand manual 
tracking task when performed with the left hand manual 
tracking task than when it was performed alone was 
accepted, but the asymptote for the right hand tracking 
task while simultaneously shadowing was not statistically 
different from the asymptote when tracking alone and 
therefore Hypothesis 6 was not supported.
When two different tasks were performed simultaneously 
there was no decrement in performance which indicates more 
capacity was available when two different tasks were 
performed simultaneously than two similar tasks. These 
results concur with those found by Treisman and Davies 
(1973) and support the structural model of attention.
If processing capacity is general, as described by the 
functional model, performance on the right hand tracking 
task should have been equal to or better while simul­
taneously tracking as while simultaneously shadowing.
This is so since more spare capacity was available during
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left hand manual tracking, and performance should not be 
affected by the similarity of the tasks.
One redeeming aspect for the supporters of the 
functional model of attention in explaining the poorer 
performance of subjects when performing the two tracking 
tasks simultaneously is the increase in spare capacity 
due to practice was larger for shadowing than tracking. 
Thus, more spare capacity could be allocated to the 
right hand manual tracking task while shadowing. However, 
this seems unlikely since spare capacity at the end of 
practice on the tracking task was not statistically 
different from spare capacity prior to practice. Hence, 
performance on the right hand manual tracking task when 
performed simultaneously with the left hand manual track­
ing task should not have been different from when the 
right hand manual tracking task was performed alone.
This raises some questions about the assumption of 
a general limited capacity. If the random generation of 
numbers does measure some overall general capacity, then 
this should have been reflected in the right hand manual 
tracking task performance. This suggests that either 
the random generation of numbers does not measure limited 
capacity or that no such general capacity exists. Based 
on the present results it seems that the capacity is 
very much dependent on the similarity of the tasks per­
formed simultaneously. When tasks were different more 
capacity was available.
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The assumption of a general limited capacity is the 
basis for some of the recent research on the attention 
demands of various stages of information processing 
(Posner & Boies, 1971; Walsh, 1977), If there is more 
spare capacity with different tasks as the present 
results indicate, then careful consideration should be 
given to the choice of a secondary task and also to the 
inferences drawn on the relative attention demands of 
specific stages of information processing. Therefore, 
a possible explanation for the data in the present experi­
ment was the similarity of the shadowing task to the 
generation of numbers. The requirements of verbal memory 
for both these tasks may have been the cause for the 
larger amount of redundancy which occurred during 
shadowing than during tracking in spite of the difference 
in the mode of response. It is clear, based on the per­
formance data, the current notions concerning a general 
limited capacity must be re-evaluated.
Learning Parameters; Rate of 
Learning (K.) and Amount of Learning (a)
Neither the similarity of the tasks, nor whether 
the tasks were performed alone or in combination affected 
the rate or amount of learning. This finding contradicts 
the second and fourth hypotheses. It was hypothesized 
that with less capacity available, learning would be 
slower for the right hand manual tracking task when
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performed with a primary task, than when performed alone, 
however to suggest that the rate and amount of learning 
are not affected by the amount of capacity allocated 
seems naive. An alternative explanation presented by 
Kahneraan (1973) is each task demands a certain amount 
of attention and, regardless of the amount available, 
the performer cannot allocate more than the task demands.
In terms of the present experiment when the right hand 
manual tracking task was performed alone, subjects were 
unable to allocate all of the capacity to its performance. 
However, when subjects performed in the dual task con­
dition the secondary task could be allocated all the 
attention the task demanded. Consequently, learning 
the secondary task was not affected by the simultaneous 
performance of a primary task regardless of its similarity.
Superficially, this may be interpreted to support 
the functional model of attention. However, the question 
of why learning and performance were not affected the 
same way still remains to be answered. Leavitt (1977) 
found that both rate and amount of learning were 
smallest when the task was easy. Thus, in the present 
experiment the task may have been so easy, when the task 
was performed alone, that no differences were found in 
the rate and amount of learning even when the right 
hand manual tracking task was performed with a primary 
task.
Although these findings are not in agreement with
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the functional model of attention, neither do they support 
the models with a rigid structural limitation. A signi­
ficant amount of learning did occur for the right hand 
manual tracking task as indicated by the improvement 
from the initial score to the final score when performed 
simultaneously with either the left hand manual tracking 
or the auditory shadowing task. Therefore, Hypotheses 1 
and 3 were accepted.
The structural models describe the limitation in 
attention as due to competition for the same structural 
mechanisms. More specifically, Treisman (1964) described 
the limitation as due to a filter which blocks or 
attenuates inputs so that no further processing takes 
place. Generally, it has been found (Treisman & Geffin, 
1967; Treisman & Riley, 1967; Moray & O'Brien, 1967) 
when subjects are required to perform two similar tasks 
simultaneously, the secondary task performance is very 
poor and consequently it was on this basis that Treisman 
proposed an early selection. Underwood (1975), however, 
replicated the Treisman and Geffin (1967) experiment 
with a well practiced subject and found the subject was 
able to share attention between two messages. The 
results of the present experiment concur with Underwood, 
since a significant amount of learning occurred regard­
less of the similarity of the primary task and therefore 
subjects were sharing attention between two tasks.
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An important point in the present experiment was 
that two subjects in the dual tracking condition could 
not perform under the requirements of the experiment, 
and the data was therefore not included in the analysis. 
Subjects were required to maintain primary task per­
formance while learning the right hand tracking task. 
Although one subject was not able to meet this require­
ment at first, after some practice at performing the 
two tasks together, was able to perform the two tasks 
maintaining the primary task performance. Therefore, 
sharing attention between two inputs may be a skill 
which can be learned with practice, and the limitation 
often found in the laboratory may exist only because of 
the limited amount of practice subjects receive in per­
forming the tasks.
Based on the results of the present experiment, 
subjects were sharing attention between two tasks and 
it is therefore unlikely that perceptual information 
was blocked from subsequent processing. Moray and 
Fitter (1973) and Ostry, Moray and Marks (1976) pre­
sented an alternative explanation of the selection 
process which is more compatible with the present 
results. Rather than a filter attenuating inputs, 
these researchers suggest that allocation of attention 
is determined by the subject employing strategies based 
on the continual monitoring of all possible sources of 
input. The subject will adopt a particular strategy
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because of the statistical structure of the messages 
and the costs and values of correct and incorrect 
decisions. This view is more flexible and involves 
a more active role on the part of the perceiver which 
could be modified with practice. An improvement in 
secondary task performance could then be explained by 
the subjects learning more efficient strategies of 
sampling. Hence, this view is more harmonious with 
the notion that sharing attention between two or more 
inputs is a skill which may be acquired.
Although the explanation proposed by Moray et al., 
accounts for the affect of practice on attention, it 
does not explain why more capacity should be available 
when different tasks are performed simultaneously. Based 
on the increasing evidence that perceptual processes 
may proceed in parallel, a number of investigators 
(Corteen & Wood, 1972; Shiffrin & Schnieder, 1977; 
Shiffrin, Pisoni & Castenada-Mendez, 1974; Schnieder & 
Shiffrin, 1977) have supported the notion that the 
limitation is response associated. Since support based 
on the present findings cannot be given to a model which 
describes the limitation as due to some attention 
mechanism which is blocking or attenuating inputs, this 
view of a response limitation is more compatible with 
the present results. Although the limitation may be 
response associated, it is clear from the data that
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subjects are able to initiate and execute two responses 
simultaneously. Thus, conclusive support cannot be given, 
and a combination of the two explanations cannot be ruled 
out.
The results of the present experiment concur with 
those found by Allport, Antonis and Reynolds (1972); 
Treisman and Davies (1973) and McGee (1975) since a 
decrement in secondary task performance was caused by 
a similar primary task. However, neither the rate or 
amount of learning were affected by task similarity or 
simultaneous task performance suggesting a compromise 
is warranted between the structural and functional 
models. Such a compromise might consist of a multi­
channel model with each channel having a limited 
capacity.
Such a model would predict that two different tasks 
could be performed with less interference since the 
information would be processed in two different channels. 
Two similar tasks could also be performed simultaneously 
provided the limited capacity was not exceeded, however, 
a decrement in performance of two similar tasks as found 
in the present experiment would not be unlikely due to 
the possibility of exceeding processing capacity. Thus, 
a multi-channel model with limited capacity would 
predict that more capacity would be available when two 
different tasks are performed simultaneously as found
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in the present experiment.
The practice effect which has recently been found 
(Underwood, 1975; Shiffrin & Schnieder, 1977; Spelke,
Hirst & Neisser, 1976) could be accounted for by assuming 
a reduction in the necessary processing space require­
ments with practice and a selection process as described 
by Moray and Fitter, (1973) and Ostry, Moray and Marks 
(1976), Thus, the model explains the effects of 
practice and also the interference in the performance 
of two similar tasks, however, imposes no rigid structural 
limitation which would predict that subjects are unable 
to share attention between two tasks simultaneously.
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CHAPTER VI 
SUMMARY AND CONCLUSIONS
Limitations in information processing are attributed 
to a limited amount of attention. Two conflicting views 
of attention are that there are specific structures which 
limit performance at certain stages of information 
processing or that there is a general limited capacity 
which can be allocated at the discretion of the performer, 
At present, which model most adequately describes this 
phenomena is questionable. Some of the confusion in the 
area has been attributed to the inadequate amount of 
practice subjects receive prior to being tested. Conse­
quently, in the present experiment subjects practiced the 
primary task before dual-task performance.
Structural models predict that two similar tasks 
cannot be performed simultaneously due to competition 
for the use of the same processing mechanisms. Al­
ternatively, the functional model describes the limita­
tion as general and therefore the similarity of the tasks 
is irrelevant. In testing these opposing views, subjects 
were required to perform a right hand manual tracking 
task either alone, or in combination with an auditory 
shadowing task or a left hand manual tracking task.
Thirty subjects participated in the experiment and
60.
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were divided into six groups. Two groups were experi­
mental groups, and after practicing both the left hand 
manual tracking task and auditory shadowing task each 
for eighty trials, performed the right hand manual 
tracking task simultaneously with either the left hand 
manual tracking or the auditory shadowing tasks. Primary 
task performance was maintained during the dual task 
condition and comparisons in performance were made on the 
right hand tracking task. Four control groups were re­
quired in order to control for the effects of positive 
and negative transfer from the primary tasks to the 
secondary task.
Random numbers were generated prior to practice 
and at the initial and final stages of practice to 
determine relative redundancy which was used as an 
index of the capacity requirements of the primary task. 
The secondary task was analysed by fitting the number of 
movement errors for twenty trials to the following 
exponential equation— Y = C + (ae , where a_ 
represents the amount of learning, k represents the 
rate of learning and G is the estimated asymptote in 
performance.
Although capacity requirements were greater for 
the auditory task, the asymptote level was significantly 
lower for the right hand tracking task when simul­
taneously performed with the auditory shadowing task
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than when the dual tracking tasks were performed.
However, a significant amount of learning occurred on 
the right tracking task when performed simultaneously 
with the left tracking task. Thus, neither the structural 
nor the functional model of attention was supported, 
rather a multi-channel model, each channel having a 
limited capacity, was proposed as a more adequate des­
cription of man's attentional limitation. In addition, 
it was suggested that practice on the primary task aided 
subjects in the dual task condition and is therefore 
an important factor in determining the limitations in 
performance.
Conclusions
1. Neither a structural model with limitation at 
particular stages nor a functional model with a general 
limited capacity are adequate in describing the phenomena 
of attention.
2. Subjects are able to share attention between two 
inputs simultaneously.
3. Similar tasks performed simultaneously lead to a 
greater decrement in performance than when different 
tasks are performed simultaneously.
Recommendations
1. Subjects should receive extensive practice prior 
to being tested for experiments in selective attention.
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2. Further research should be conducted to determine 
the nature of the limitation caused by two similar 
tasks.
3. The multi-channel limited capacity model should be 
tested to determine if it is a more adequate description 
of the attention limitations of man.
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Part A. Instructions for subjects in Groups One, Two, 
Three, and Four.
1. The first thing I want you to do is randomly say the 
numbers one and two. The light on the base of the 
tracking apparatus will flash every second for fifty 
seconds. When you see it flash say either the number 
one or two, try not to make any pattern, i.e., 121212.
2. Now I want you to track the copper tube on your 
left as fast as you can without touching the sides of 
the tube. There is a switch here (experimenter points 
to switch). Hold that down with the stylus until I 
say "GO" then track the tube and push the switch at 
the other end of the tube with the stylus.
3. For the first few trials I want you to say the 
numbers one and two randomly as you just did but I want 
you to attend primarily to the tracking task. Only 
give as much attention to saying the numbers as the 
tracking task will allow you. I will tell you at the 
end of every trial how many movement errors you made 
and the movement time.
4. (After first four or five trials.) Now I want you 
to practice the tracking task alone. Again I will tell 
you how many errors and the movement time at the end
of every trial.
5. (After sixty-four trials.) Again I want you to 
say the numbers one and two randomly and at the same
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time track the tube. However, I want you still to 
allocate all of the attention you need to the 
tracking task and only give extra attention to saying 
the numbers,
6 . (After fifty seconds of tracking and generating 
nundoers.) Now I want you to track the copper tube 
again for a few more trials alone.
Part B. Instructions for subjects in Groups One, Two, 
Three, and Five.
1, I want you to randomly say the numbers one and two 
by using your two index fingers and the typewriter
to respond. Every second the light on the base of 
the tracking apparatus will flash for fifty seconds. 
Push one of the keys every second. Try not to make 
any type of pattern. (An example was given to those 
subjects who did not participate in session one.)
2, Now I will play a message to you through the head­
phones which is a list of letters. At the start of 
every trial there is a tone proceeded by the letters. 
Your task is to repeat the letters back at the same 
time as you hear them. If you lose track try to pick 
them up again as soon as you can. Try to repeat as 
many letters as possible. At the end of every trial
I will tell you how many letters you repeat correctly.
3, For the first few trials I want you to push the
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numbers one and two randomly just as you did. However,
I want you to attend primarily to repeating the letters. 
Only give as much attention to pushing the numbers as 
repeating the letters will allow you.
4. (After the first three or four trials.) Now I 
want you to practice repeating the letters alone.
Again I will tell you at the end of every trial how 
many letters you say correctly.
5. (After sixty-four trials.) Again I want you to 
type the numbers one and two randomly and at the same 
time say the letters. However, I want you still to 
allocate all of the attention you need to to saying 
the letters and only give extra attention to typing 
the letters.
6 . (After fifty seconds of tracking and generating 
numbers.) Now I want you to repeat the letters for a 
few more trials alone.
Part C. Instructions for subjects in Group One.
Now I want you to track the right hand copper tube
in ___ seconds trying not to touch the side of the
tube. Hold down the switch at the start until I say 
"Go" and track the tube and press the switch at the end 
of the tube just as you did for the left track. At 
the same time as you are tracking the copper tube I 
want you to repeat the letters. The most important
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task is repeating the letters. You are only allowed
to make ___ errors. I will tell you how many errors
you make at the end of every trial and the movement time 
and the number of movement errors you make on the right 
tracking task. Remember, give all the attention to re­
peating the letters as it requires. Use only spare atten­
tion for the tracking task.
Instructions for subjects in Group Two.
Now I want you to track the right track and left track
simultaneously i n   seconds trying not to touch the
side of the tube. The most important task is the left
tracking task. You are only allowed to make ___ movement
errors, I will tell you how many movement errors you make 
on the right and left track as well as the movement time
at the end of every trial. Remember, give all the atten­
tion to the left tracking task that it requires and use 
only spare attention to the right tracking task.
Instructions for subjects in Groups Three, Four, Five and 
Six.
I want you to track the right hand track with your
right hand in ___ seconds trying not to touch the side
of the tube. I will tell you at the end of every trial 
the movement time and the number of movement errors you 
make. To start each trial hold the switch down at the
start of the tube and then with the stylus hit the
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switch at the other end of the tube. Before you
start I will let the clock run for ___  seconds so you
will know the amount of time you have to get to the 
other end of the copper tube.
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Auditory Message
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The auditory message was formulated by 
associating the numbers 1 to 26 to the letters of the 
alphabet. Numbers were then taken from a table of 
random numbers and the list of letters was then 
determined. The tape was made using a female 
speaker, and after several practice trials the 
letters were read at a rate of 2,5 letters per second. 
A buzzer sounded as a warning signal 2 seconds before 
the commencement of the letters.
The message consisted of the following letters;
C E H G D I O S P R P J B M A Y V T W H R H Z K
J T R E C F Q G H O M U P W .
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Analysis of Variance Summary Tables
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Table 7
Analysis of Variance Summary Table for the Asymptote 
Level for the Right Hand Manual Tracking Task
for Six Groups
Source SS MS DP F
Groups
Error
586.01
251.70
117.20 5 
10.49 24 11.18*
F(5,24) = 2.62 p .05*
Table 8
Analysis of Variance Summary Table for the Amount
of Learning for the Right Hand Manual Tracking Task
for Six Groups
Source SS MS DP F
Groups
Error
116.07
328.26
33.21 5 
13.68 24 2.43*
^(5,24) = 2.62 p >.05*
Table 9
Analysis of Variance Summary Table for the Rate
of Learning for the Right Hand Manual Tracking
Task for Six Groups
Source SS MS DF F
Groups
Error
0.2556
0.9183
0.0511 5 
0.0383 24 1.34*
(5,24) = 2.62 p > .05^
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Table 11
Analysis of Variance Summary Table for Asymptote 
Level for the Right Hand Manual Tracking Task
for Three Groups
Source SS MS DF F
Groups 573.85 286.93 2 29.36*
Error 263.86 9.77 27
^(2,27) = 3.35 p <.05*
Table 12
Analysis of Variance Summary Table :for the Amount
of Learning for the Right Hand Manual Tracking
Task for Three Groups
Source SS MS DP F
Groups 70.40 35.20 2 2.24*
Error 423.93 15.70 27
F(2,27) = 3.35 p >.05*
Table 13
Analysis of Variance Summary Table for the Rate of
Learning for the Right Hand Manual Tracking
Task for Three Groups
Source SS MS DF F
Groups .055 0.028 2 0.521*
Error 1.111 , 0.041 27
^(2,27) = 3.35 p >.05*
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